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Abstract
It would have some deficiencies in traditional earned value analysis methodology when were applied into schedule 
measurement methods and cost measurement methods in a project management, in light of this, the approach to 
improve cost measurement methods was presented. And, based on property of analysis task total time difference, the 
conception of weight earned value was introduced to resolve vital path problem of schedule measurement methods; 
meanwhile, the weight earned value calculating formulas and analysis processes were given in this paper, which 
could provide a more accurate basis for coal project measurement.
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1. Introduction
It already has more focus on using the theory and method of project management effectively and 
reasonably to guide actual works. For the manufacture enterprise, cost control and quality assurance have 
already become the assurance of enterprise survival and development. In order to successfully complete 
the stated project in a definite time limit and manufacturing cost, the trace analysis and control monitors 
should be required during the process of its implementation, once problems were discovered, it would be 
prompted attention to it and avoided a greater loss to the project.
Earned value analysis (EV), also is called deviation analysis, is a project management technique for 
measuring project performance and progress in an objective perspective. [1,2] It is an effective method of 
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combination control to the scope, schedule and cost of the project. By measuring and calculating the 
budgeted cost for work performed (BCWP), actual cost for work performed (ACWP), and budgeted cost
for work scheduled (BCWS), the project scheduling and cost variance (CV) were obtained, thereby could 
measure the project budget and schedule performance. And it is notable for its ability to provide accurate 
forecasts of project performance by measuring and calculating the budgeted cost and the actual cost of the 
project.
2. Underlying principle of EV
2.1. Structure
There were three basic parameters of EV implementation, including:
• (1) BCWS (budgeted cost for work scheduled)
BCWS was defined as permissible budgeted cost for accomplish project plan workload at some stage
during project implementation. And it mainly reflected regulation workload of plan, not the regulation
cost.  The calculation formula is:
BCWS= Plan Workload Quota Budget Price× (1)
• (2) ACWP (actual cost for work performed)，
ACWP was defined as actual cost at some stage during project implementation. ACWP was mainly 
used to reflect the values of actual consumption.
• (3) BCWP (budgeted cost for work performed)
BCWP was defined as the calculating cost of the accomplishment of work and quota budget price, 
which could also called EV (earned value). And it could quantify the accomplishment of the project.
BCWS= Accomoplishment Workload Quota Budget Price× (2)
2.2. Four evaluation indexes of EV
• (1) CV(cost variance)
CV was defined as the difference between BCWP and ACWP in inspection of the project, the 
calculation formula is:
CV=BCWP-ACWP (3)
CV< 0, means that the actual cost is higher than planned (bad); CV>0, means that the actual cost is 
less than planned and means under expenditure or high efficiency (good) ; CV= 0, means that the actual 
cost is right on planned (good).
• (2) SV (schedule variance)
SV was defined as the difference between BCWP and BCWS in inspection of the project, the 
calculation formula is:
SV=BCWP-BCWS (4)
SV< 0, means that the project is ahead of schedule (good); SV>0, means that the project is delay of 
schedule (bad) ; SV= 0, means that the actual schedule is right on planned (good).
• (3) CPI (cost performed index)
CPI was defined as the ratio between BCWP and ACWP in the project, the calculation formula is:
CPI=BCWP/ACWP (5)
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CPI< 1, means that the cost of completing the work is higher than planned (bad); CPI>1, means that 
the cost of completing the work is less than planned (good); CPI= 1, means that the cost of completing the 
work is less than planned (good or sometimes bad).
• (4) SPI (schedule performance index)
SPI was defined as the ratio between BCWP and BCWS in the project, the calculation formula is:
SPI=BCWP/BCWS (6)
SPI< 1, means that the project is delay of schedule (bad); SPI>1, means that the project is ahead of 
schedule (good) ; SPI= 0, means that the actual schedule is right on planned (good).
The evaluation of earned value curve refers to these indexes, see Fig 1.
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Fig. 1. Evaluation of Earned Value Curve
3. The limitations of the traditional EV
EV is a popular methodology used during the process of its implementation, so it is possible to indicate 
a project at some stage during project implementation. However, it still has some limitations and 
unsuccessful results in the integration management method.
(1) It indeed exists some problems when the traditional EV was used to forecast EAC (estimate at 
completion), and the forecast itself has violated certain laws of economics and statistics. It is obvious that 
it is unwarranted, for instance, CV was analyzed the absolute difference that valued actual index as a base, 
further, CPI was valued the actual index as the denominator. 
(2) The measure outcome would usually had deviation when evaluated the schedule of the project, 
which used the traditional EV, cause it considered the two as the same, thus ignored the difference 
between critical and non-critical activities of work items, and ignored the restraints of the critical 
activities in the whole project. As we know, the totally time difference of critical activities is 0, that 
means the project would delay if the critical activities delayed; however, the totally time difference of 
non-critical activities is not worth 0, so that means it would not influence the progress of project if had a 
delay in this non-activities. Therefore, the two different activities in the project would have an obvious 
difference to influence progress of project.
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4. The improvement of EV
4.1. The improvement of CV and CPI
There are some problems or flaws in the calculation methods of the four evaluation indexes of the 
traditional EV, the details would discussed as follows.[3~5]
At the traditional formulas, calculating formula of CV adopted BCWP subtract ACWP, when did like 
this, it was not only violated the basic principle of statistics that analyzed the absolute difference should 
valued planned index as a base index, but also not accorded with the common knowledge. And referred to
CPI, it divided BCWP by ACWP, which valued ACWP as the denominator in this formula, when did like 
this, it was not only violated the laws of statistics that relative difference analyzed should valued planned 
index as the denominator, but what was more was that it has quantitative relations errors in relative 
diversity information about  project cost. 
According to principle of statistics, the formula of CV could be amended as follows:
CV=ACWP-BCWP (7)
When CV> 0, means that not had a perfect result or the actual cost is higher than planned; CV< 0, 
means that the actual cost is less than planned and means under expenditure or high efficiency; CV= 0, 
means that the actual cost is right on planned.
The formula of CPI could be amended as follows:
CPI=ACWP/BCWP (8)
CPI< 1, means that the cost of completing the work is less than planned; CPI>1, means that the cost of 
completing the work is higher than planned; CPI= 1, means that the cost of completing the work is less 
than planned.
4.2. The improvement of SPI
The introduction of weight earned value was for a better discrimination between the critical and non-
critical activities of the project, which could make a compensation for the traditional EV.
(1) weight value selection
TF(total time difference), means the maneuver time from the beginning to the ending of project, in 
other words, the maneuver time of each work could also viewed as TF but under the condition of not 
influence the planned total time limit of the project. Beside, TF have two notable properties: one is that 
the smaller the TF, the more crucial of the work. And the work with the TF worth 0 could view as the 
critical work in the project; the other property is that a certain work’s TF is not only belong to this work 
itself, but also posses a certain relationship that before and after other works in the project,  that is to say 
it was shared by a certain circuit. Therefore, TF could discriminate whether a certain work is a critical 
work or not, and also could reflect with different influences on the whole project. Then, weight value 
selection could be select as the follow formula:
( ) ( )
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(9)
The weight of work i can be calculate by this formula, and ki must be met as follows:[6]
(a) 1 0ik≥ ≥
1987Shuheng Zhong and Xin Wang / Procedia Engineering 26 (2011) 1983 – 1989Shuheng Zhong/ Procedia Engineering 00 (2011) 0 0–000 5
(b)
1
1
n
i
i
k
=
=∑
At the same time, in order to alleviate gap between the actual value and the product of actual value and 
weight, we can take the total numerate of fulfil operation sequence N as common coefficient, multiply it 
with each index. Then, the analysis steps of weight earned value were showed as follows:
1: Calculate TFi of each work stage by using network diagram, and determine vital path of the project;
2: Calculate Ki of each work stage;
3: Calculate the weight budgeted cost for work performed of each work stage: 
kBCWP BCWP k n= × × (10)
4: Calculate the weight budgeted cost for work scheduled of each work stage:
kBCWS BCWS k n= × × (11)
5: Obtain the SVk and SPI of inspection date: 
k k kSV BCWP BCWS= − ; /k kSPI BCWP BCWS= (12)
6: Analysis and give the evaluation results of project schedule.
(2) Verification and analysis 
In order to verify the credibility of modified CV, parts of foundation engineering in mine construction 
of one Chinese coal mine was analyzed. The contrast situation of progress-schemed and cost-planned VS 
progress-actual and cost-actual was shown in the Gantt chart, see Fig 2. 
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Fig. 2. Gantt chart of foundation engineering
Pre-judgment and estimation of the project could obtain from above Gantt chart:
When inspected the complete status of each process of the project at end of the forth month, we could 
gain the pre-judgment that it had the opportunity of delay, cause the critical work 1 was ahead of schedule, 
but non-critical work 4 was delayed in the chart.
The schedule of project was calculated and analyzed by two different ways of traditional EV and 
weight EV, respectively. See Table 1. The results of the project that analyzed by traditional EV:
The SVg of the 4 procedure:   g g gSV =BCWP -BCWS =36-42=-8
The SPIg of the 4 procedure:  g g gSPI =BCWP /BCWS =36/42=0.86
The SV of the whole project: SV=BCWP-BCWS=136.00-137.00=1.00
The SPI of the whole project: SPI=BCWP/BCWS=136.00/137.00=0.99
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Conclusion: the 4 procedure had a unsatisfactory effect; and it had a bad effect of schedule performed 
for the whole project, thus delayed the project.
The results of the project that analyzed by weight EV:
The SVkg of the 1 procedure:    kg kg kgSV =BCWP -BCWS =20-15=5
The SPIkg of the 1 procedure:   kg kg kgSPI =BCWP /BCWS =20/15=1.333
The SVkh of the 4 procedure:    kh kh khSV =BCWP -BCWS =4.84-5.65=-0.81
The SPIkh of the 4 procedure:   kh kh khSPI =BCWP /BCWS =4.84/5.65=0.86
The SVk of the whole project: k k kSV =BCWP -BCWS =27.53-26.51=1.02
The SPIk of the whole project:  k k kSPI =BCWP /BCWS =27.53/26.51=1.04
Table 1. Each parameter calculation at end of the 4th month
Proce-
dure
Last 
Time
Total time 
difference
Weight 
Ki
Planned 
Cost
Actual 
cost
Complete BCWP BCWS BCWPK BCWSK
1 2 0 36.55% 20 15 100% 20 15 7.31 5.48
2 1 0 36.55% 20 20 100% 20 20 7.31 7.31
3 3 1 13.45% 60 60 100% 60 60 8.07 8.07
4 3 1 13.45% 45 52.5 80% 36 42 4.84 5.65
Total 9 2 100% 145 136.00 137.00 27.53 26.51
By the contrast calculation of the two methods, the conclusion was that: the 1 procedure had a good 
preformed and was ahead of schedule; the 4 procedure had a bad performed and may delay the project. As 
for the whole project, it had a bad effect of schedule performed, may delay the project. It had the same 
result to the single procedure when used traditional EV and weight EV, which corresponded with the 
practical result.  However, when it comes to the forecasting of whole project, weight EV could have more 
accurate conclusion than traditional EV to the actually performed whole project.
5. Conclusion 
It had some deficiencies in traditional EV analysis methodology, because it ignored the difference 
between critical and non-critical activities of work items and ignored the restraints of the critical activities. 
Further, it violated the basic principle of statistics that analyzed the absolute difference should valued 
planned index as a base index;
Weight EV was for a better discrimination between the critical and non-critical activities of the project, 
and weight value selection formula was given, which could decide whether the work procedure was a 
critical work or not; besides, the indexes of CV and CPI were amended to cater the practical situation 
more accuracy.
Weight EV could have more accurate conclusion than traditional EV by the contrast analyzed with 
parts of foundation construction of the coal mine. 
Acknowledgements
A fundamental research fund for central university (No.2010QZO4) is gratefully acknowledged.
1989Shuheng Zhong and Xin Wang / Procedia Engineering 26 (2011) 1983 – 1989Shuheng Zhong/ Procedia Engineering 00 (2011) 0 0–000 7
References
[1] Zhuo Zhang. Project management. Bei jing: Science-Publishing Inc;2005, p. 168–173
[2] Anbang Qi. Project management. Tian jing: NANKAI university-Publishing Inc;2005, p. 133–136
[3] Anbang Qi. The problems and slousions in earned analysis. J Quantitative & Technica Economics 2004;5:63–68
[4] Anbang Qi. The problem and solution of estimate at completion forecasting method in earned vaule analysis. J Forecasting 
2004;2:56–60
[5] Baofeng Ding, Hongguo Zhang. The improvement of earned value analysis in schedule measurement method. J Iinformation 
technology 2006;2:14–16
[6] Huiping Mu. Statistics. Shang hai: LiXin accounting-Publishing Inc;2008, p. 68–85
[7] Kaicheng Lu, Huaming Lu. Combinatorial mathematics. Bei jing: Tsinghua university-Publishing Inc;2002, p. 207–208.
